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Abstract

The Web provides new methods for accessing lnformaflm world-wide, but tl_

current _xt-and-picmrcs approach neither utUizcs all the Web's possibilities n_

provides for its limitations, While the inclusion of pictures and animations in a paper
conununicate4 more effectively than text alone. It is essentially an extension of the

concept of "publication." Also, its use of the Wcb incieas_ putting irrulges and
animations online will quickly load _en the "Information Superhighway." W¢ nccd

to fred forms of conmmnlcatlon that take advantage of the special natur= of the Web.

This paper presents one approach: the use of the Interact and the Mosaic interface for
dam sharing and collaborative analysis. We will dcscril_ (and In the presentation,
demonstrate) our approach: using FAST (Flow Analysis Soitwla'_ Toolkit), a

scientific visualization package, as a data viewer and interactive tool called from
Mosaic, Our intent is to stimulate the development of od_er tools that utilize the

unique nature of electronic communication.

• A Scientific Exveditlvn

• ']'he VL,ma|DJItlon TI'_I' I=A_T.(]=Iow AnAlysL_ gnftware Toolkit

II l,,l_llnl FAST fez" Scientific Expeditions
• Develooina the Imolementafi0. for F_zne-of'-Use and Security

• FASTtrek lmglementaflonOvervkw •

• C_mt_'s0n of Uskm Movies and FAST ExDeditioas
• Guided _editlc_s into_the Ocean C_ _rr___
• Remote Collaboration

• _afine Scientific F_nedtt|onJ for use wlth FAST
• The National Oosls

A Scientific Expedition

$cqemffl¢ _h"/wl is a termed coined by Val Watson to describe am online,

Interactive cxplccation into data. Scientific Expediti<ms tranaccnd the "publication"

paradigm for providing information ca the Web. Our goals for prolx=ing the use ot'
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Sclcnr_c Expeditions 8.,'e:

• To make Kicndfic data It.ll, rat.her than descriptions of rcsearch, directly

,, To commanicat= th© iaf(xmaflon usinil easy-to-use, standardiz_ tools.

• To employ tools that use network b_dwidth mor_ intBll_gantly.
• To propo_ that the use of this _ of tool be I_¢epted u a goal by NCSA and

ocher orBaaJzatJons, and d,_ It teach every public high school bcf¢_¢ the end
of 199&

Our example of this approach uses the Flow,4_y_$ _jb,,_e Too/ld: (FAST).

The Visuaflzatlon Tool: FAST (Flow AJmdysis Software Toolkit) LD.

FAST is a softwax_ package for the visuallzafiot_ of thrce-dlwr, ndoaal data,

particularly Computaflcrsal Fluid Dynamics data. It provklcs a variety of rnctlzxis for
exam_n[n$ da_ such u plc_ng flow paths mound an aircraft, col_'-mappln_

tcmpcra_r_ on the surface, locating areas of a specified pressure, displaying vectors,
and £mding vortices. When a view or vicws arc found which reveal important features

of the data, an image can bc generated, or an animation created.

FAST on HDTV Monitor./_

This lma&e Is,from a vtauallzo_lon o'_ted by FAST. ClicklnS on t_ im_e will link

you _o a fll¢ of FAST-&c, ner_ed lmuBes (and one rope 8 cmlmo_on) on d'_ NAg
(Numerical Aerodynw_c: Slmsdarlon Dfv_on) Web xervcr at NASA Ames.

Each tirnc PAST is used, _: session is recorded to file u a series of commands, This

feature allows sclcn_ts to reexamine data they have vk,.vcd prcvlously.b PAST,

without repeating the process d loading data and stepping thr_gh the commands
previously issued. This is alsO the feature which makes FAST caslly sdaptable to use

on the Web. Rather than putting an anlmati_ online, we m'¢ proposing that scientists
share the entire FAST session, and thus the possibility for further analysis, with the

scknt_c community. Because FAST can be driven by a K:ript, the minimum
ncccuary to do thb b shmply making the datasct and script avaflabk fi'om

• _urocnm, What wc propose, however, Isthe lmcgratlo_ ct Scientific ExF.41dms
into Mosaic sessions, using visualization tools Like FAST m data "viewers," in the
sense that xv is an tmaSc viewer for Mosaic.



Usinz FAST for ScientificExpeditions

Wehavemadesomesamplescientificexpeditionsave.liable,Theycanberunby
anyonewhohat t SiliconGraphicsworkstation,andtheFASTsoftware.Plansfor
makinBFASTavailableviaMosaicarebeing developed. It may or may not be

avlUablc by the Web conference date. At present, it is available via COSMIC. The
method for ObtaJninil FAST will be kept current on the FAST hon_ page. See Howto

Get FAST or the FAST borne page _ if you nccd to obtain the software.

The cxpcdJti_s inteip'ate FAST into Mosaic by defining FAST-related flies as a
n'dn-,e type, x-futtrek, which is returned fox files with the suffix ,FASTtrek.
.FASTtrek files are passed to • shell script (¢_.1¢d FASTuck) which hsndks the

dctaih of stating out dataseu and scrlp_ malting security checks, and muting the
data and scripts to FAST, Prom the user's point of view, me simply clicks on a Link,

and the viewer, FAST, pops up and displays in nnima_m, Just as my other viewer

displays its Ira.aBe or animation. But this viewer has advantases over other viewers:
m-

,m
4,*

Mo, e information is transmitted while using less bandwidth.

The eCmeLldatssct is transmitted, which permits the scientist or student to do
further analysis,

The ScriptJr_ feature also allows interactive sessions, In which scientists at
remote l_ati_s can view dam simaltaneously, passing control cg the display
back and forth. We use the term Remote CoI_bormion to describe this

two--way interaction.

$crfpt[ng

In a later seCtiOn, we will cOmpare a sc! _ animations to using FAST to view the

same data. With that ciatasct, each animation isabout two n_gaby',cs, while the entire
FAST F..xpcdifioa is less than one megabyte, and offers the user the ability to interact

with the data. Script based animations are very small ides, since they consist of a

series of commands like _ followIng:

fi.le_XO: ltF.,J__F'£LI! g=£d.b:Ln
fl.le_ZO: FZZ,F_..2']fP w FUNCTZON
ftle_ZOb RZ&D_FZLI 8¢a]._r_f£eld.b£n
su._f e:r s TYPIC

The above lines are zufficlent to load s three dimensional grid of, for example, an
aircraft, and a £de containing values for pressure on the surface and in the sun'ounding

space, and then display the surface of the aircraft with pressure color mapped on it.

surfers )IEW_OB3EL"Z
:,dx'for: DZ]UgCTION Z

8urfe=s RI_rDI0R CCNTOUX.LZZTg$
surfer.* LOOP t_RW_W,D

This seemd set of c_ds creates a sirr_lc animatim thraJf, h the pressure field
surroundins the aircraft,similar to the Illustration of aFAST _irn_tion shown below

inthe ,FASTtrek ImplementationOverview."



Developing the Implementation for _of-Use and Security

Our original cxpcfimcnts used st simple implc_tstion: FAST was invokad from a C

shell script. The only thing a FAST user needed to do to run FAST scripts via Mosaic

was to add a line to his .mallcap f'de to run csh whca a .csh type was cncountcreA. This
approach got us in trouble wi_h our security staff. If wc cncmraged people to mn C

shell scripts from Mosaic, they would bc at risk of clicking on a h_crlink to a shell

script that cont_od mischievous or harmful commands.

A.second reason for deciding on a different approach was our goal of creatlng an

easy-to-use, full-fea_red standard tool as a data "vlcwer" fcc Mosaic. Thls included
providing a graphical user in.trace, and allowing for Rcmoa: Collatmmflon, the

almulttncous viewing of a FAST se,utoa _ r_. lflple slwJ, with swapping ofcmtroL
Therefore, we create a set of cxccutabks to bo instatlc4 m each user's machine. We

c_ttrtued development with m awareness of the security risks inherent in a tool that
permits users to bring groups of t'tlcs to their machines, end run them without =.

inspecting them. We found two risks specific to our impknzntsXiorc

• The files sent in a FASTtrck could contain an executable with an innocuous

name, inch as "fast," which could be invoked by users who have their current

_rectory in their path. Wc prevent this by having FASTtrek check for the

location of FAST before exU'actlng the files, and by using absolute path
flareS.

• It is possible to send a system command from a FAST script. FASTu, ek

searches and deletes any system commands from scripts it sends to FAST,
While this removes one feature from FAST, it seems an acceptable sscri/'_c in

the narnc of security.

FASTtrek Implementation Overview

Users wishing coadd FASTlacks to the capabilityof Mosaic can implement thlsin

one of several ways:

• Load an archive f'dc that can bc run as a C shell script which unloads its own
conw.nts, the FAST_k executablcs. This script also modifies the user's

.mailcsp and ,mime, types tlks, and nobles the uscrof say missing elements
in tl_ ¢m(igutttioa (such u not fmdin 8 FAST In the exccur, abl_ palh). To do

/his, l_iect OptiOlls/Load to Local Disk, end copy FASTafchlve.csh to a
directory in your executable path. Then, in a shell window, cd to the directory

and type

csh F_Ta_'ch£ve. oah

When insutllation is complete, select Opticns/R¢load ConfiS f'flcs and you

will b= ready to run FAST P..XlX:ditions.

For thoae preferring to inspect and control any changes nu_ to their machine,
several appfoeches exist

o The C shell script that unpacks the archiw is a short, simpk m of

"d D_ Vb-_N _(_9_'_9c;1:tr L_ :&O t7661;-';"T-O1;
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commands _ the head _ the f'de, which can be examined;

The source fdes fan be Inspec_d of cepied lndivldutl/y, or the

exr_utables can be copied individually: See FASTtrek ExecutableL

Users of this approach _ need'to modify their own .mailcap and

.m/me.types files.
One can simply copy the FAST_k executable, a C shell scn'ipt, by
itself. It allows users to run Scientific F.xpeditiont, but Remote
Collaboration end the GUI will not be available. Users wUl need to

modify their ,nutU_p and .mime.typ_ filcs.

Once the exe.cut.ables are online, FASTtreks cart be run by clicking on It link. $cvend

types of t'des fan have the FASTt_k suffix, and FASTtrek will determine the file

type and appropriate action, Types include:

• A tarred, g-zipped file contah_g data and one or nx_re FAST scripts. When

one of these f'dcs is read, FASTtrek unpacks the fries, c_ttes a su_tcry in
a standard location for sto_g the script F,Ics, creates several other rdcs in the

subdirectory, xnd starts FAST with the script designated as the startup script,
whi_ reads the data.

FASTtr, ek re.adz an archive com'al'nin& da_ and script.T, o_ _,rs FAST with a

setup script, which loads the data.

A ,_e FAST _r_pt. In ge_, all t]_ scripts associated with a part_/ar
datuet are sent with the dautset, and pieced in t sulxtln_cto_ of/trap. The
html document should contain links to this location. Additional scripts for

FAST_ka can be developed and made available individually. Each script

must ccoUfin the Unc: #FAS'I_ks_ri_ [_¢tipman_].FAST_rek In order to be



:ecognlze.d by FAS'F_k. When using the utility for assembling a dataset into

a FAST F..xpeditlon, this line is added automatically. If the script is created

separably the line must be added by hand.

So'Iptsfor yi_r,cln&thindataset, such aa lh_ loopthrou&h acalarvalueJ_ are

a second FA._I'wd_ type.

• Fxle.s conutining a command to be l_fformed, Thcse include exiting FAST, .-.
savxng the data used in the FAST Expedition t9 a pcrnmncnt dire_(x'y,
¢[e.aning up __ ides, and nmning a Reh_ote Collaba_lon session.

These flies arc created under/trap when the datuet is read, and are used to

¢cvtrol the FAST_k wlth hypctllnks. A hype_lJnk to
Itmp/FASTexpeditiongFASTexlt.FAST_'ek, for example,will send a f'x1_

ccntaLnlng tl_ singleline"FASTcxk" to the FASTu'ek execut_le, which will
then terminate FAST.

Whe.n FAATrrek loads a data.Tel, It ¢re_zcx a third _¢ of .FASTrrek file:

temporary JileJ containing command_, wt_ch are stored in a xtand_d location.
Links to thes_ flles on tl'_ ItTML documort pro_ an _ntcrfac¢ to FAST.

Comparison of Using Movies and FAST Expeditions

The Acoustic Doppler Currents Profile L41MPP.,O movies in the _an__ le Movies
__g.,_LiIlustrate the current 1:rendto display mimatcd data in compressed
pixel form. P.,sch movie ca_u_, a curr_ts _, displaying the dircctias end speed

ot'currcnts at 30 depth levels in the ocean. The direction of curnmts is rcprcscntcd by

m-rows, and the re'rows' le.n_h and color rcprcscv_ the speed of the current. Each
MPP.G snL.nation represents _ac profile, and esch movie rcquln:s the umnsfcr of
approxima_cly 2 MBy_ of data for 89 fnmcs of movie.

Making this data in animation form _linc is a vast improvcmcnt over text-only files.

To illustrate the next step, we have _neratcd a similar da_t for viewing wt_



FAST. Our dataset conUdns 30 l_Fdcs. The _t contains vector and scalar va/ues

for the current directim and _ rcspec_vely. FAST can display these v,,lues as
colored arrows of different lengths, but it i8 nc_ limhe.A:1to that mode of dlsplay.

The FAST Expedit/ons to explore equivalent dam |Ilusu'ate

, Th© dam _o bc mm_en_d can be mduc_d drama_cally: the entire PAST

Exped/tion, conudning 30 profiles, is less than half the size of one MPF.X3
movie.

• The viewer can view the dat_ in a much richer vadoBy of ways.
o The data can b¢ viewed Ln3D to _ _e directio_ o1'the ve_'s. O_

cannot tellthedirectlonof3D wctor$ Inspace wicka sfn&levie.#(asIn

themov/_), With FAST, one can rotate the viewing position to
determh_ the direction of the 3D vectors. 0LunnLng the 51=2t".oscript,

for uu= with CrystalEyes s_.o i_sses,one can de_e the _-
_on of thevectorswithoutrotatingtheview.)

o All of thedatainthemovies can be viewed atonce tobet_r view

ccr_ocs in the various dlmenslms (depth, day, ind rime'or day).

o In addltic_ to *'sweeping through time" as in a movie, the vlew_r can
sweep _rough theother dimensions.

o The viewer can intcractively hishlight features through color selection
and o_er techn_ue..

• The viewer can do his own '*what if" ana/ysis of the da_

Guided Expedltlons Into the Ocean Currenu

In add/don to these Expedido_s, you can elect to conduct your own eXl:P..didon into
this data. For example, you could view the day--o_'-rr_nth vs. dmc-_-day surfaces
whLk sweep_li through the dep_J3 dir_don, or you could view the_pth vs.

time--of-day surfaces while sweeping through the day---_-month direction. The
time-of-day cHrncnsioa has bern compressed to make these movies simpler. Yc_x may

wish to re, expand it.
m

You can view the following modes o_e _ a time or combine them. I reco_ the
combination of"Time sweeping on" and "S_'Bo" s_d the combination of'_lyby" and
"viewing as a suffice that goes though the ends ot *he vectors':

The Stereo mode is for use wire C.rymd Eyes glas_s.

Pleasewalt/or tke prompt m "t_ an exped_tlon"he, reselecn'n&each option

Time ,weenln_ cn - This pcrndtl viewing as a movie through
This t, the mc<l¢ thst compares dlrv_y with thc rnovics, While the movie is

playins, try rotatin S to get a better view of 3D. Also, try pannins through the
days of',,hc month. It you lose the picture off the screen, Reset the view m __e



• Time sweeoina off- This stops viewing as a movie through time

• Reset the time of day to zero

• View the surface that _oes thrcm_h the ends of _e vectors

• _;date n flyby over the depthvs. day--_-month surface

• _t_ the flyby over the denth vs dav--of-month surface

• Reset the _ri_tltlc:_ the orl_inal crlentsdcn

. _ bsck to viewln,r _e olstn ¥,_orA

Stereo- Thls ='ram a full_ stereo_e foruse withCrystalEyes.

NOT_ - when 11_'ou_.hvlewlngr_ stereosce.nL,pr_ _ toe._t/rom

fullscreen

#,

• Mcno- This returns from s=mo to mono

Other Features

In addition to running FAST expeditions, FAST users can use the FASTtrck tools to

run Remote Collaboration sessims, and to c"rcatc their own Scientific Expeditions.

Remote Collaboration L_I

When FASTIrck is passed a file containing the command FA.YlYemore, it creates a

piI_from which FAST will read script commands. It _ creates files containing the
commands FASTm_ter, FASTconnecuoma._er, and FASTdL_mnecf , to control
FAST_k. When a user becomes master, and other users connect, FASTtrek calls the

utilities P.45_alPa_rwr and FA_llaten:o. to create socket com_dms between the

macblncs.FASTtltlkserverreadsFAST command_Its theyarcgeneratedby FAST,

and sends them to the slave machines, where FASTlistento handle, receiving the

commands and piping.them to FAST.

From the user's point of view, the only tcchnicalhurdle Is inserting a line in the
/etc/scrviccs fdc (which requires root privileges):

tasP..d 5 o o fret:up

Once that Is donc, to run a collaborative session one simply clicks on FAST remote,
then an FASTmastnr cr FASTconnecttomas_cr. To switch, the user clicks on the other

choice. Click, lnS oa FASTdlsconncct severs cotmections.



Thesimplicityof thisinterfacemakesuslnllMosaicd_sirablefor rcmc@
collabot_on anytimen:mct¢collaborationIsdone,end not only for ¢cnncctinl with

scientists supplying FAST Expedidcms on the Web. For local use, an hum page linked
to a FASTremot¢ file and to the/trap Iccatim wbcr_ FASTm_k will put FASTrnmtcr

and FASTccm*.ecnomasrcr Is provided in the 8rchive.

To try Remote Cotlaboration, you must have the entry in/etc/services described

above. Then, contact a colleague. Eech CoUaborator should run FAST, load the same
dam, and thenselectInldallz¢FAST Remora When remote scrapIsinitialized,select

fi'om:

• Em;mm.Sttm
• Sever Ccene_|cns

qt"

Creating Scientific Expeditions for use with FAST

For users running web izrvcrs, creating FAST expedl_ons is euy, A hawk script,
FASTtar.nawk is provided. To create en expedlfl_, Invoke FASTtar.rmwk, passinll it

the names of the FAST scripts for _© cxpeditlon. The nawk script will create soft
links to the datas:ts reed by the scripts, and resemble all the tcripm and the dam in a

gzipped tar file. If Remote Collaboration is desired, a FASTremot© file can be
included.In_1[tion tocreatingtheFASTu-ck file,thehawk scriptmakes a skeleton

home page wlth hyperllnks to the scripts aL.'eady on it.

The National Goals

These FAST Expeditions were developed in support of a propoud to the NSA, NC_A,

and NCGA to de/me the Scientific Expeditions as a way to improve use of Oe

iafcmmaflon supedfillhway, end to brinll ScientLq¢ Expeditioos into the schools.
SpecRically,the gosh arc:

The Propcs_ Target

A capability as good or better than the FAST Expedition approach outlined
here.

Proposed National GoalJ

Ocal !

The '_iend.fic expedition"shed1 be available to

• Every high school and above bythe end of 1996

OT "d 3_i_V V_N _Ogg_'09gTP 0_ : LO _66T-C'T-OT



• Every schoolby the end of 1998

Goal 2

NASA, EPA. and similar research facilities, shall have information

available on the Infomation Superhighway in a format like the
Scientific Expedition by the end of 1996.

To learn mote about FAST F.,xpediticas and the National Goals, see the
Ooall Home n_e.

Notes

1. Flow Analysis Software Toolkit (FAS'D is currently under development by
Ir_mbers of the Numeric_ Aerodynami_ Simulation (NAS) Division st NASA
Ames Research Center, Mcffett Field, CA 94035-1000. See the FAST home va_e f_

information on FAST, including how to get FAST, The URL is:

hCCp://www, ms s. nu a. gov/Y_9 T/f tat:. h r.m.1.

2. FAST on HDTV Monitor. Visualization by $ctm West, FAST Development Team,

Sterling Software, Inc. Grid and solutim courtesy d Dr. David Huddlcston and Dr.
Bharat Sonl, NSF Engineerirtii Research Center for Computational Field Simulation,

Mlsstssippi State University.

&The animation shown is from.Effect of a Canard on Vortex Structure and Pr_sure
by Eugene L Tu, RFA/NASA Ames.

4. Acoustic Doppler Currents Prof'fle (AIX_) MPEG movies are produced daily by
Cheng Tang for the REINAS project at University of California, Santa Cruz. These

movi_ display ocean currents profile data collected from MBARI's M1 buoy, data
courtesy of Dr. L Rosenfeld.

_m

The Remote Collaboration technology was developed by Val Watson and John West.
m
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